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Propositions
associated with the thesis
Hierarchical Systems
1. The angular-momentum evolution of orbits near a supermassive black hole (SBH) can
be approximately produced by assuming a simplified and computationally advanta-
geous model in which test orbits evolve in the time-dependent potential of the SBH
and of field particles, which are assumed to be orbiting the SBH in slowly-precessing
Keplerian orbits (Chapter 2).
2. The Schwarzschild barrier can be associated with a rapid drop of the first- and second-
order angular-momentum diffusion coefficients with decreasing angular momentum
(Chapter 2).
3. Assuming that the S-stars in the Galactic Centre formed in a burst through binary
disruption and assuming a background distribution of stellar-mass black holes, the
eccentricity distribution of the S-stars evolves to the observed distribution on a time-
scale of 7 Myr, setting a lower limit of the typical age of the S-stars (Chapter 2).
4. The predicted disruption rate of planetesimals by the SBH in the Galactic Centre is
insensitive to whether planetesimals formed in disks around stars, or in a large-scale
cloud around the SBH, and agrees with the observed rate of X-ray and near IR flares
from the Galactic Centre (Chapter 3).
5. The secular evolution of hierarchical quadruple systems in the ‘3+1’ (or ‘fully nested’)
configuration can be characterised by the ratio of the Lidov-Kozai (LK) time-scales
associated with the innermost-intermediate and intermediate-outermost binary pairs.
When the former ratio is near unity, complex and chaotic LK oscillations can occur,
potentially leading to extremely high eccentricities and strong interactions (Chapter
4).
6. The properties of circumbinary planets around short-period binaries are constrained
by secular evolution in hierarchical quadruple systems (Chapter 5).
7. For hierarchical N-body systems composed of nested binary orbits, the expanded
Hamiltonian can be constructed from the Hamiltonians of smaller subsystems. At
order n, the Hamiltonian consists of at most n−1 types of terms, which individually
depend on at most n binaries (Chapter 6).
8. Only a few per cent of hot Jupiters can be explained through secular evolution in
multiplanet systems (3 or more planets), unless tidal dissipation is more than 100
times more efficient compared to previous estimates (Chapter 7).
9. The N-body problem is formally solved, but a complete understanding of its impli-
cations in astrophysics is still far away.
10. Back-on-the-envelope calculations are necessary to verify large-scale simulations.
11. Whereas computers are great for simulations and will get bigger and faster, we will
always need people to interpret and understand the results.
12. In doing simulations, there is nothing more annoying than finding out a mistake in
the code or the initial conditions, after the runs are complete.
13. Both science and music strive for beauty and understanding.
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